Two O-ring valve seals each of Vitou-A, Bum-N, and EDPM were exposed to 1, 40, or 400 torr of tritium while being cycled open a i d closed approximately 11,500 times in 19'2 days. EDPM is the least susceptible to damage from die tritium. Both Buna-N and Viton-A showed deterioration following the f m t cycling at 400 torr .
INTRODUCTION
This work was initiated to establish tlie possibility of using a soft elastomer in ITER (International Tliermonuclear Experimenitd Reactor) applications. Used in this application, the sealing material is ariticip red to be in tritium at pressures in the range of 1x10-' torr for many years. Accelerated tests over a range of higher pressures were used in this study in order to extrapolate the results to tlie low pressure range.
EXF'ERIMENTAL
Eighteen elastomer O-ring valve seals are studied to determine tritium coinpatibility under high use COIIditions for 192 days. Three sets of six test valves, labeled A-F in Fig. 1 , xe used. Each valve is opened and closed in tritium 1100 times during 11 days then tested for leakage aci-oss the valve seal. 'This procedure is repeated 11 times. Duiing cycling, set 1 contained tritium ;it 1 torr while sets 2 and 3 contain tritium at 40 torr arid 400 torr, respixtively. Valves not shown in the figure isolatc the different valve sets during die cycling and leak tests. under IxIO-~ STP-cc/sec which is the specified limit. Tritium is added to the system in aliquots for a final leak check and to replace the hydrogen adsorbed on the system surfaces. After the valves are cycled for 11 clays in the respective pressures, the tritium pressure is equalized in each valve set at approximately 140 torr. Leak rates are determined by closing all valves and evacuating the calibrated manifold beyond the valves in Fig. 1 . Once the manifold is isolated from the vacuum, the pressure change in the manifold volume is used to calculate the leak rate of a test valve. Once this measurement is made, the test valve is opened and the pressure is noted to establish an accurate back-pressure behind the valve. The volume is again evacuated and the subsequent pressure rise is used to determine the leak rate through the next test valve. This procedure is used for the remaining valves. As a result, some of [he valves at the end of the test cycle experience a pressure of 140 torr for up to 30 hours, although not during the cycling operations. Elastomer placement , shown in Table 1 , was staggered in each line to avoid its position effecting the interpretation of tlie results. Table 1 Elastomer placement in each line
"E" Figure 2 shows a photograph of the three different materials after the test. Bum-n failed most dramatically. The elastomer is dull, hard, brittle and flattened. No large piece of the elastomer could be removed intact.
RESULTS

Viton-A is intermediate in behavior.
A few pieces could be extracted from the valve. The surface of this material is also flat and dull. EDPM shows the best compatibility with tritium. Although the surface of the elastomer shows dullness, it cm be removed intact. Figure 3 shows leak rates from tlie 40 torr set of valves as a function of time after initial exposure. This time is somewhat longer than tlie time during which the material w z in actual contact with tritium. Buna-n clearly responds poorly to tritium, the Viton-A slightly better, and the EDPM is best. As leak rates became large, valves at the end of the series lost significant back-pressure. All back pressures were corrected to 140 torr to compensate for chis pressure loss.
Figui-e 4 shows log leak rate as a function of time al'ter initial exposure for Buria-n at the three different pressures. R..pid failure occurs after a delay time that cleperids on tile tritium pressure. This delay time is plotted in Figure 5 as a function of tri ium pressure. Exrrapolatioii of this figure to 1x10-toir suggests that Buria-n would last up to 1 year. The Viton-A would clexly last longer and the EDPM would be best. 
EXPERIMENTAL
The system shown in Figure 6 is placed between a glovebox and the stack. The molecular sieve is contained between two barriers. The top barrier is a screen similar to that used on a screen door and keeps the sieve in the holder if the unit is tipped. The bottom frit is 5 p , 40pm or l o o p pore size fritted steel and keeps tritiated dust from entering the blower and ducts. Because of the large flow resistance, this frit is a major factor in restricting airflow. Any number of straight segments filled with sieve can be added. Temperature of the sieve is monitored as well as air flow. Gas is sampled for tritium concentration before and after the sieve. This gas is returned io the PWR.
Disposal of the sieve has not created a problem because the tritiated sieve is poured into solid-waste disposal barrels. These barrels contain tritiated plumbing and other large parts so that the sieve occupies the void spaces after the barrel is "filled" thus creating no additional waste barrels.
When a glovebox breach is planned, a moisture source is placed in the glovebox the night before die PWR is used. This exchanges HTO adsorbed on the glovebox walls with H,O.
The PWR is connected to the glovebox through a glove port while a window or second glove-port opening supplies room air. gz TIME (Minutes) Fig. 7 . Tritium input and output of the PWR. One Curie was colllected in run 3.
Tritium concentration at the inlet and outlet of the PWR during a typical run is shown in Fig. 7 . One curie of Uitiun was collected in the sieve during this run.
The following information is recorded: tritium concentration entering the PWR, tritium concentration leaving the PWR, flow rate of the gas stream in the PWR, total quantity of gas through the PWR, and time of the reading. Temperature of the sieve container is used as a guide to indicate when the sieve may be near saturation. Breakthrough was not observede during these tests. Table 2 shows that the PWR is very effective in reducing tritium emission. Additional studies are needed to determine the optimum gas flow rate and the effectiveness of catalytic-palladium coated sieve to convert T2 to T 2 0 within the PWR[4]. * Tritium monitor failed part way through the run. alumina at 350°F (177°C) or 500°F (26O"C), or Pt on alumina at 950°F (510°C) are used as catalysts. All T,O resulting from the reaction is collected in a water bubbler. Unreacted T, passes through the bubbler and is converted to T,O in an oxidized-copper furnace at 750°F (399°C). The T,O formed in the Cu furnace is collected in a second bubbler. Remaining gas is retumed to the mixing volume. An ion chamber with a small circulating pump is attached to the mixing volume and used t~ monitor tritium concentration in the gas. Gas circulation is continued for 30 minutes after the tritium level has dropped below 9% of the original value. Hydrogen is then flushed through the system to remove any adsorbed tritium. An additional step is required when the palladium catalyst is used. Because the alumina substrate tends to absorb water, the Pd catalyst is heated to '750°F. To drive any tritiated water into the bubbler. Prior to every run, dry air is passed through the system while only the Copper bed is heated. Once the Cu is fully oxidized, tlie catalyst is tested at each of the temperatures using a mixture of dry air and tritium. This test is followed by a similar study using a mixture of dry air, tritium and SF6. Each gas sample contained? approximately one curie of tritium, and about 35 ci/m3 in the total gas sample. All experiments are done using a single sample of each catalyst.
The bubblers are filled with a measured amount of erhylene glycol or water. After gas is circulated for 10-15 minutes, liquid samples are removed for scintillation analysis. Dilution is based on weight rather than volume measurement in order to reduce error.
-- Effectiveness of the catalyst is determined by dividing the tritium concentration in the first bubbler by the sum of the tritium concentrations in the first and second bubblers. The results are tabulated in Table 3 . The two runs on Pd at 350°F show adequate repeatability for the supplied system.
[4] 
CONCULSIONS
The presence of SF appears to have no effect on the catalytic activity of kese catalysts.
